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PA0NT COOPERATION TREAT^ 



PCT/SEOO/01394 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 


To: 

HELLBOM, L. 

/-Muiiiiib oiocKnoini Mts 

Linnegatan 2 

P.O. Box 5581 

o-i 14 oo btocknolm 

SUEDE 


Date of mailing (day/month/year) 

'^n \aniiar\i /'?n m ni\ 
ou uaiiudr y zuu i \ou.u i } 


Applicant's or agent* s file reference 
55924-60630 


IMPORTANT NOTIFICATION 


International application No. 

PCT/SEOO/01394 


International filing date (day/month/year) 
30 June 2000 (30.06.00) 



1. The following indications appeared on record concerning: 
I I the applicant [ | the inventor | X| the agent | | the comnnon representative 



Name and Address 
HELLBOM, L. 

Albihns PatentbyrS Stoclcholm AB 
P.O. Box 5581 
S-n4 85 Stockholm 
Sweden 


State of Nationality 


State of Residence 


Telephone No. 

+46 8 59 88 72 00 


Facsimile No. 

+46 8 59 88 73 00 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
1 1 *he person | X[ the name | X| the address | | the nationality | | the residence 


Name and Address 

HELLBOM, L. 
Albihns Stockholm AB 
Linnegatan 2 
P.O. Box 5581 
S-114 85 Stockholm 
Sweden 


State of Nationality 


State of Residence 


Telephone No. 

+46 8 59 88 72 00 


Facsimile No. 

+46 8 59 88 73 00 




Teleprinter No. 



3. Further observations, if necessary: 



4. A copy of this notification has been sent to: 
I X[ the receiving Office 
I I the International Searching Authority 

I I the International Preliminary Examining Authority 



I X| the designated Offices concerned 
I I the elected Offices concerned 
I I other: 



The International Bureau of WlPO 
34, chemin des Colombettes 
121 1 Geneva 20, Switzerland 



Facsimile No.: (41-22) 740.14.35 



Form PCT/IB/306 (March 1994) 



Authorized officer 

F. Baechler 

Telephone No.: (41-22) 338.83.38 



003805117 



I 

i 



Pi^NT COOPERATION TREAT0 



PCT/SEOO/01394 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


Tor 

Commissioner 

US Department of Commerce 
United States Patent and Trademark 
Office, PCT 

2011 Soutli Clark Place Room 

CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIOUE 

in IIS capaciry as eieciea unico 


Date of mailing (day/month/year) 

zo reDruary zuU 1 \Zo,K}Z.\j 1 ) 


International application No. 
PCT/SEOO/01394 


Applicant's or agent* s file reference 
55924-60630 


International filing date (day/month/year) 
30 June 2000 (30.06.00) 


Priority date (day/month/year) 
30 June 1999 (30.06.99) 


Applicant 

HAKANSSON, Nils, Olof et a! 





1. The designated Office is hereby notified of its election made; 



I X I In the demand filed with the International Preliminary Examining Authority on: 
18 January 2001 (18.01.01) 

I I in a notice effecting later election filed with the International Bureau on: 



2. The election | X | was 

□ 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b}. 



The International Bureau of WlPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 



Facsimile No.: (41-22) 740.14.35 



Authorized officer 

F. Baechler 

Telephone No.: (41-22) 338.83.38 



Form PCT/IB/331 (July 1992) 



SE0001394 



1 

iM i:k.\a rio.NAi. .si:ak( ii rkpoh r 



liiici M.'ilioii.il .-i|tjttitMtiiiii N'u. 

PCT/SE 00/01394 



A. CI.ASS1I-ICA I ION Ol .SUIUHCI MA I I I: R 

IPC7: FOIM 13/04, BOID 45/14, B04B 5/08 

AccordinR Ui Intcrnaiional I'aicnl Claxsificalion (IPC) »r U> bmh naUonaJ el:Lssiricau«)n and II»c: 



B. FII-LDS SnARCHI'i:) 



Minimum d«LumcnUli«n searched {classincjitiun syjsiem fHUciwcd by elassifieaiiiin symbols) 

IPC?: FOIM, BOID. B04B 



Documcnlalion searched tiihcr than minimum ducumcnlalion lt> the cxieiu vhal sueh dncuimniiN arc inelutlwl in ihc fields searched 

SE,DK,FI.NO classes as above 



lilcclronic dala base c(msulu:d durinfi Uic inlernalional sciiruh (name i»f data base and, wheie piaeUeable, seat eh lernw used) 



C. DOCUMENTS CONSlDFiRI-D TO HH KJiLUVANT 



Category* 



CiLitioit of duciJincnl. with iiiiiienliuii, wlicrc n|i|irii|>i-inlc. of Ihc rclcvanc p.is.s.iiics 



EP 0286160 Al (BB ROMICO B.V.). 12 October 1988 

(12.10.88), column 6, line 25 - column 7, line 33, 
figures 1-5 



WO 9423823 Al (ROMICO HOLD A.V.V.). 

27 October 1994 (27.10.94), figures 3.4 



WO 9744117 Al (ROMICO HOLD A.V.V.), 

27 November 1997 (27.11.97). figure 1 



Ki'kvniit ti> cl.-jiin No. 



1-7 



8,9 



1-7 



8.9 



1-7 



8,9 



1<| f""rilicr docuiiiwiis arc listed in the contintJaiiuii or Box C Q ^"""^ P'^'^*"' 



Spcaa] categoric:; of cited dneutncnlc 

"A" document defining the general iAalc of the art ^vhich is n»»t ccmvidcred 

to he uf partieular relevance 
'li" crlicr document but puhli.shcd on ttr aflcr the intcmaiional filing date 
"1/ document which may throw douhut on prionty clajm(.s) »»r »v»iich is 
atcd to ctiahltsh the publication date ol another citatum in- other 
spcaal rea.<t(m (as specified) 

'O' document rcfcmng to an oral dixclns-urc. use, cYhihitnm or other 
means 

"P* documcm puhli.shcd prior to the intemaliona] filing date hut later than 
Ihc pnoniy dale claimed 



"V later document puhh.chcd alter the mtcmalicinal liling date or prion tv 
date and ncA tn conflict with the application hut cited to understand ' 
the pnnciplc or tliotry undcrl>ini{ Uic irnxntion 

'X" dociuncnt of particular rcfcvanec the clatmcd invcnUnn cflnnm he 
considered novel *«■ cannnt he cun.'ddcrcd li» involve an invcnli ve 
step when the U<»cumcnl is taken ah me 

■ V document cil particular relevance Uie claimed invention canmH he 
cnnsiUercd to invtHvc an inventive step when tlic ditcumcnt i\ 
comhincti with one or more other Mich documoib^ such comhinaiion 
heinu ohvimis bi a person skilled tii the art 

d«icumcnl member tit the same patent lamily 



Date of the actual coniplclioii of ihc iiilcrn.-ui»»ii:jl search 



8 Sept 2000 



Dale ofitiaiJing ofllic iiilcrnntioiinl scirch report 

1 6 -10- 2000 



Name and mailing address of the ISA - 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 

FacsiniHc No. + 4f) K 66fi 02 KO 



A»il!ion7.ed otlicer 

Jan-Axel Ylivainio/Js 

l elcnlioiic No. -f 4fi K 7X2 25 OU 



l-orm PC:r,'lSA/210 (second sheet) (July ivy?.) 



ItiliiiiaiitHial ;t]>plkMlioit \«). 

PCT/SE 00/01394 



C (Coininuatiuu). D()C;UMt:N-IS CONSiniiRllIJ TO HI: RKIJiVA NT 



Caicgtiry* 


Otntioii uC duciiiticiit. with itidicntioii, where approprinic, of'lhc rcicvniit p;i.s.sagi:s 


Kclcv;jiit ti> chiiiii No. 


Y 


US 5542402 A (LEE ET AL),. 6 August 1996 (06.08.96), 
figures 1^8, abstract 


8,9 



1-orm i>CI7ISA/21U (conUnualiun of scctind jchccl) (July I9V2) 




IN I KRNA TIONAI. SKAIU 11 RKPOUr 



INTKRNA I lONAI. SKAlU M lU-POU I 
liif'uriii:ilit)it Dii paiciil Cnniily nicntiicrs 



liilt*! iivilioii;)! :ip|ilu'.-ilii>ii No. 

PCT/SE 00/01394 



Paicni dtjcumunl 
ciunJ in search rcpuri 



Publicalion 
dale 



Palcnl fitcnily 
mt:inhcr(s) 



I'uhliciiUtin 
daU: 



EP 



0286160 Al 12/10/88 



SE 


0286160 


T3 




AT 


52936 


T 


15/06/90 


DE 


3860159 


0 


00/00/00 


GR 


3000514 


T 


31/07/91 


JP 


1135516 


A 


29/05/89 


JP 


2710624 


B 


10/02/98 


NL 


8700698 


A 


17/10/88 


US 


4994097 


A 


19/02/91 


US 


5073177 


A 


17/12/91 



WO 



9423823 Al 27/10/94 



AT 


162418 


T 


15/02/98 


AU 


675535 


B 


06/02/97 


AU 


6658894 


A 


08/11/94 


BR 


9406173 


A 


09/01/96 


CA 


2160576 


A 


27/10/94 


CN 


1041282 


6 


23/12/98 


CN 


1124462 


A 


12/06/96 


CZ 


285941 


B 


15/12/99 


CZ 


9502686 


A 


12/06/96 


DE 


69408131 


D,T 


07/05/98 


EP 


0693958 


A,B 


31/01/96 


SE 


0693958 


T3 




ES 


2111303 


T 


01/03/98 


NL 


9300651 


A 


16/11/94 


US 


5667543 


A 


16/09/97 



WO 


9744117 


Al 


27/11/97 


AU 
NL 


2913797 A 
1003157 C 


09/12/97 
00/00/00 


US 


5542402 


A 


06/08/96 


DE 
EP 


69602873 D,T 
0736673 A.B 


14/10/99 
09/10/96 



l-orm I'C17ISA/2K) (paicnl family annex) (July |VV2) 
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RECORD (JE^f 

REQUEST 



The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 



•Fori 



ifElce use only 



htemationalADDUcationNoPCT/ SE 0 0 / 0 1 3 9 4 



International Filing Date 



3 0 -06- 2000 



Name of receiving ORli 



The ^'.wedish Pa:3nt Of';ce 
POT Intematio nat Application 

iU i iiiimiLUiuimi Appiiuuuuil 





Applicant's or agent's file reference 
(ifdesiraf) (12 characters maximum) 


55924-60630 


BoxNo.1 TITLE OF INVENTION \ 

Oil separator for small particles \ 


Box No. n AFPUCANT 


Name and address: {Family name followed by given name; for a legal entity, full official designation. The 
address must include postal code and name of country. The country of the address indicated in this Box is 
tu^ ^^^u^^„t •» Qtftta /i j» Mttmtrtii tvtrasiite>wtre> if rm ktattt nf residence is indicated below, i 


n This person is also inventor. 


Volvo Lastvagnar AB 
SE-40S 08 G6teborg 
Sweden 




Telephone No. 




Facsimile No. 




Telq)TinterNo. 


State (Oiat is, country) of nationality: SE 


State (that is, country) of residence: SE 


This person is the applicant □ all designated El all designated States except the □ the United □ the States indicated in the 
for the purposes of : States United States of America States of Supplemental Box 

America only 


Box No m FURTHER APPUCANT{S) AND/OR (FURTHER) INVENTOR(S) 


Name and address: Family name followed by given name; for a legal entity, full official designation. The 
address must include postal code and name of country. The country of the address indicated in this Box is 
the applicant s State (i.e. country) of residence if no State of residence is indicated below.) 

H^ansson, Nils Olof 
Flintakroken 12 
SE-443 60 StenkuUen 
Sweden 


This person is: 

l~l appUcant only 

IS appUcant and inventor 

1 1 inventor only (If this check- 
box is marked, do not fill in 
below.) 


State (that is, country) of nationality: SE 


State (that is, country) of residence: SE 


This person is the applicant □ all designated □ all designated States except the ^ the United □ the Stales indicated in the 
for the purposes of: States Unhed States of America States of Supplemental Box 

America only 


n Fiuther applicants and/or (further) inventors are indicated on a continuation sheet 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified bdow is hereby/has been appointed to act on behalt ^ agent 
of the applicant(s) before the competent International Authorities as: ' ' 


1 1 common representative 


Name and address: (Family name followed by given name; for a legal entity, full official 

designation. The address must include postal code and name of country.) 

HELLBOM L; BERG S A; FAGERLIN H; HAMMAR E; 
LETTSTROm R; KIERKEGAARD, L-O; LAGMAN, S; 
ALBIHNS PATENTBYRA STOCKHOLM AB, P.O. Box 5581, 
S-l 14 «S STOrKHOLM Sweden 


Telephone No. 
+46 8 59 88 72 00 


Facsimile No. 
+46 8 59 88 73 00 


Teleprinter No, 
1 1942 ALBIHNS S 


I 1 Address for correspondence: Mark this check-box where no agent or common rewesCTt^ve is/has been appointed and the 
1 1 space above is used mstead to indicate a special address to \^*icn correqxmdence should be sent. 



Form PCT/RQ/101 (July 1998; reprint January 2000) 



fThe Swedish Patent O-^flcf* I 
PCT Intemationat Anr;.iJ^L>. PCT/ SE 0 0 / 0 1 3 9 4 



Sheet No. la 0 4 .gg. 2000 



Continuation of Box No. Btt FURTHER APPUCANT(S) AND/OR (FURTHER) INVENTOR(S) 


If none of the foUawmg sub-boxes is used, this sheet is not to be induded in the request 


Name and address: Famify namefoUowed by given name: for a legal entity, fiill official designation. The 
address must include postal code and name of country. The country of the address indicated in this Box is 
the applicant's State (i.e. country) of residence if no State of residence is indicated below.) 

Persson, Per 
Fornfyndsvagen 18 
SE-433 41 Partille 
Sweden 


This person is: 

Q iq)p]icant only 

s^licant and inventor 

n inventOT only (If this check-box 
is marked, do not Jill in below.) 


State (i.e. country) of nationality: SE 


State (i.e, country) of residence: SE 


This peison is the applicant □ all designated □ all designated States except the (3 the Unhed □ the States indicated in the 
for the purposes of: States United States of America States of Supplemental Box 

America only 


Name and address: Family name followed by given name; for a legal entity. fitU official designation. The 
address must include postal code and name of country. The country of the address indicated in this Box is 
the applicant 's State (i.e. country) of residence if no State of residence is indicated below.) 


This person is: 

r~[ applicant only 

\ 1 applicant and inventor 

rn inventor only (If this check-box 
is marked, do not fill in below.) 


State (i.e. country) of nationality: 


State (i.e, country) of lesidence: 


This person is the qjplicant □ aU designated □ aU designated States except the □ the United □ the Stales indicated in the 
for the purposes of: States Unhed States of America States of Supplemental Box 

America only 


Name and address: Family name followed by given name; for a legal entity, full official designation. The 
address must include postal code and ruime of country. The country of the address indicated in this Box is 
the appUcant 's State (i.e. country) of residence if no State cf residence is indicated below.) 


This person is: 

1 1 apphcant only 

1 1 applicant and inventor 

1 1 inventcxr only ^f Otis check-box 
is marked, do not fill in below.) 


State (i.e. country) of nationahty: 


State (i.e. country) of residence: 


This person is the applicant □ all designated □ all designated States except the □ theUmted LJ the States indicated in the 
for the purposes of: States United states of America States of Supplemental Box 

America only 


Name and address: Family name foUowed by given name; for a legal entity, JuU official designation. The 
address must include postal code and name of country. The country of the address iru&cated in this Box is 
the applicant 's State (l.e. country) of residence ifrto State of residence is indicated below.) 


This person is: 

1 1 applicant only 

l~l apphcant and inventor 

1 1 inventor only (If this check-box 
is marked, do not fill in below.) 


State (i.e. country) of nationality: 


1 State (I.e. country) of residence: 


This pereon is the ^plicant □ all designated □ all designated Slates except the □ the Unhed □ the States indicated in the 
for the purposes of: States United States of America States of Supplemental Box 

America only 


n Further applicants and/or (further) inventors are mdicated on a continuation sheet 



Form PCT/RO/101 (July 2000) 



Sheet No. 2 



PCT/ SE 0 0 / 0 1 3 9 4 

3 0 -06- 2000 



Hie foUowing designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes, at least one must be marked): 
Regional Patent 

m AP AMPO Patent: GH Ghana, GM Gambia, KEKmya, 15 I^tho,MW Malawi, SD Sudan, 
Sz^SfrTZUni^epubUc of T5;zania,UG Uganda, ZWZm 

SrrS-rES Spain. FIFidand,rRFrmice,GB United Kingdor^ 

MC MonacoVNL NeSS-lands, PT Portugal, SE Sweden, and any other State which is Ccmtractmg State of the European 

El OA oi?I PateS? BF bI^Ji^^JbJ Benin, CF CenHal African Republic. CG Congo. CI Cote d'lvoire CM C^eroon, 
GAGaWGNGiSnea,GWGin 

2iy oSerSt^ev»*ichU member State of OAPI and a Contracting State of the PCT {ifoOier kind of protection or treatment 

desired, specify on dotted line) 

National Patent (if other kind of protection or treatment desired, specify on dotted line): 



Box No. V 



DESIGNATION OF STATES 



[SI 

El 

El 

EI 

El 

El 

El 

EI 

El 

El 

EI 

El 

El 

EI 

EI 

El 

El 

El 

El 

EI 

El 

El 

EI 

EI 

El 

B) 

EI 

El 

m 
m 

El 

m 

El 
El 
EI 
El 
El 
El 
El 
El 
El 
El 



AE United Arab Emirates 

AL Albania 

AM Amienia 

AT Austria 

AU Australia 

AZ Azerbaijan 

B A Bosnia and Herzegovina 

BB Barbados 

BG Bulgaria 

BR Brazil 

BY Belarus 

CA Canada 

CH and LI Switzerland and Liechtenstein 

CN China 

Costa Rica 

Cuba 

Czech Republic 

Germany 

Denmark 

Dominica 

Estonia 

Spain 

Finland 

United Kingdom 
Grenada 

Georgia 

Ghana 

Gambia 
Croatia 

Hungary 

Indonesia 

Israel 

India 
Iceland 

Japan 

Kenya 

Kyrgyzstan 



CR 
CU 
CZ 
DE 
DK 
DM 
EE 
ES 
FI 
GB 
GD 
GE 
GH 
GM 
HR 
HU 
ID 
IL 
IN 
IS 
JP 
KE 
KG 
KP 
KR 
KZ 
LC 
LK 



B) 

m 

El 

El 

El 

El 

El 

El 

El 

E] 

EI 

El 

El 

El 

EI 

El 

El 

El 

El 

EI 

El 

El 

El 

El 

EI 

El 

E] 

EI 

El 

El 

El 

El 

EI 

El 

El 

EI 



LR 

LS 

LT 

LU 

LV 

MA 

MD 

MG 



Liberia 

Lesotho 

Lithuania 
Luxembourg 
Latvia 

Morocco 

Republic of Moldova 

Madagascar 

MK The former Yugoslav Republic of Macedonia 
MN Mongolia 

MW Malawi 

MX Mexico 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 
Sweden 
Singapore 

Slovenia 

Slovakia 

Sierra Leone 

Taijikistan 

Tiu-kmenistan 

Turkey 

Trinidad and Tobago 

United RepubUc of Tanzania 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

South Africa 

Zimbabwe 



NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 

SI 

SK 

SL 

TJ 

TM 

TR 

TT 

TZ 

UA 

UG 

US 

uz 

VN 
YU 
ZA 
ZW 



Democratic People's Republic of Korea Check boxes reserved for designating States which have become 

Republic of Korea Party to the PCT after issuance of this sheet 

Kazakstan El DZ Algeria 

Saint Lucia AG Antigua & Barbuda 

Sri Lanka EI MZ Mozambique 

BI BZ Belize ^ 



Prccaotionary Designation Statement: In addition to the dcsignaUons made above, the applicant also makes under Rule 4.9(b) aU other dcsignauons which would be 
pennitled under the PCT except any dcsignation(s) indicated in Uie Supplemental Box as being excluded from the scope of this siatonenL The applicant declares that those 
additional designations are subject to confirmation and that any designation which is not confirmed before the expiration of 15 months from the pnonty date is to be regarded 
as withdrawn by the applicant at the expiration of that time Umit (Cof^rmation of a designation consists ofthefiting of a notice specijying that destgnaoon and th* payment 
cfthe designation and confirmation fees. Confirmation must reach the receiving Office wiOdn the i 5-month time tintit) 



Form PCT/RO/101 (July 1998; rqwint January 2000) 



PCT/ SE 00/01394 
Sheet No. 3 3 0 "06- 2000 



Box No. VI PRIORITY CLAIM L3 Further priority claims arc indicated in the Supplemental Box 


Filing date 

of earUer application 
(de^/manAi/year) 


Number 
of earlier application 


Where eariier apphcation is: 


national apphcation: 
country: 


regional 
apphcation:* 
r^cmal Office 


intemational 
apphcation: 
receivmg Office 


item(l) 

30 June 1999 


9902490-3 


Sweden 






item (2) 










item (3) 










13 The receiving Office is requested to prepare and transmit to the Intemational Bureau a certified copy of the earlier application(s) 
(only iftite earlier application was filed with the Office which for the purposes of the present intemational application is the 
receiving Office) identified above as ilem(s) : {1} 

• Where the earlier application is an ARIPO application, it is mandatory to indicate in the Supplemental Box at least one country party to the Paris 


Box No. Vn INTERNATIONAL SEARCHING AUTHORITY 


Choice of Intemational Searching Authority (ISA) (If two or 

more intemational Searching Authorities are competent to carry out the 
international search, indicate the Authority chosen: the two-letter code 
may be used): 

ISA/SE 


Request to use results of eariier search; reference to that 

search (if an earlier search has been carried out by or requested firom the 
Intematicmal Searching Authority): 

Dateiday/month/yeary. Number CovtnMy (or regional Office) 
30 June 1999 99/00926 SE 


Box No. Vm CHECK LIST; LANGUAGE OF FILING 


This international application contains 
the following number of sheets: 

request: 3 ^ 

description (excluding 

sequence listing part): 5 ^ 

claims: 2 i/ 

abstract: 1 

drawings: 2 ^ 

sequence listing part 

of description: 

Total number of sheets: 1 3 


This international application is accompanied by the item(s) marked below: 

1 - Q fee calculation sheet 

2. □ separate signed jrawer of attorney 

3 . ^ copy of general power of attorney, reference number, if any:4367/98 

4. Q statement explaining lack of signature 

5. □ priority document(s) identified in Box No. VI as item(s): 

6. O translation of intemational application into (language): 

7. O separate indications concerning deposited microorganism or other biological material 

8 . Q nucleotide and/or amino acid sequence listing in computer readable form 

9. KI other rJ!P««j$/;.- Copy of ITS report 


Figure of the drawings whidi 

should accompany the abstract: 2 


Language of filing of the 

international application: Swedish 


Box No. DC SIGNATURE OR APPLICANT OR AGENT 


Nexttoeadis^icatoe, mdkete Oienam&cftheperscnagpxn^andihecqpas^in 

LaisHdIbom 



1 . Date of actual receipt of the puiported 
intemational aoDlication: 


For receiving OHice use only _ 

^ n -06- 7nnn 




2. Drawings" 


3 . Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 


received: 


4. Date ot tunely receipt ot the reouued 
corrections under PCT-Article 1 1(2): 


1 I not received: 


5. Intemational Searchmg Authonty ^ . ^ 
Ciftwo or more are competent): ISA/ 


6. 1 1 Transmittal ot searcti copy delayed 

1 1 until search fee is paid 






iDateof receipt of the record copy ^ , , . ^ , 
1 by the Intemational Bureau: \j ;\' J 


ST liM 


K 0^.C2.G3) 1 



Form PCT/RO/101 (July 1998; reprint January 2000) 



PCT/SEOO /0 13 94 

The Swedish Fi.t-nt Office 1 
PCT International Application 

2 5 -08-2000 





SUBSTITUTE SHEET 



PCT/SEOO / 01394 




SUBSTITUTE SHEET 



^PCT/$£00/0 13>V 

3 0 -06- 2000 

1 

Oijeavskiljare for sma partiklar 

Foreliggande uppfinning avser en anordning for att avskilja sma vatskedroppar ur en 
5 strommande gas innehallande vatskedimma, t ex sma oljedroppar ur sk blow-by gas 
fran en forbraimingsmotor, innefattande en av en cylindnsk mantel och tva motsta- 
ende gavlar bildad forsta behallare med ett inlopp i sin ena gavel for gasen/dimman, 
ett forsta utlopp i sin andra gavel for gasen samt ett andra utlopp i eller i narheten av 
den andra gaveln for ur gasen avskild vdtska, en andra behallare med organ for att 
10 roterbart lagra den forsta behallaren i den andra behallaren rotationssymmetriskt i 
fbrhallande till namnda inlopp och forsta utiopp samt drivorgan for rotation av den 
forsta behallaren i den andra behallaren. 

Det ar ett kant faktum att det inte gar att astadkomma kolvringtatningar mellan kol- 
15 vama och de omgivande cyUndervaggama hos cylindrama i en forbranningsmotor, 
som till hmidra procent avtatar forbranningsrummen mot motoms vevhus. En viss 
mindre mangd forbranningsgaser, bar kallad blow-by gas, strommar darfor alltid 
fbrbi kolvringama och ned i motoms vevhus. For att inte ett for hogt overtryck orsa- 
kat av blow-by gasema skall uppst§ i vevhuset maste vevhuset ventileras, sa att ga- 
20 sema leds bort och endast ett lagt overtiyck tillats rada i vevhuset. 

Tva typer av vevhusventilation forekommer, namligen antingen oppen eUer skiten 
ventilation. En motor med oppen ventilation kan belt enkelt ha ett till en oppning i 
motom, t ex i ventilkapan, anslutet nedatriktat ror, som mynnar i den omgivande 
25 atmosfaren. I en motor med siuten vevhusventilation leds blow-by gasema fran vev- 
huset tin motoms insugningsror och biandas med insugningsiuften. 

Vid evakueringen av blow-by gasema har det hittills varit ofrankomligt att en viss 
mangd oljedimma foljer med ut. Mangden olja som foijer med gasen beror pa place- 
30 ringen av ventilationsutioppet och eventuella befintliga filter eller oijefallor i vev- 
husventilationen. Oavsett om motom har oppen eller siuten vevhusventilation ar det 
ett onskemal att halla mangden olja i den evakuerade blow-by gasen sa liten som 
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mojligt I det forsta fallet for att miljdpaverkan ska bli si liten som mojligt och for 
att halla motoras oljeforbnikning pa en lag niva. I det andra fallet for att hindra ol- 
jebelaggning eller -ansamling pa resp. i komponenter i motoms insugningssystem, t 
ex oljebelaggning pa skovelbladen i en turboladdad motors kompressor resp. an- 
samling av olja i laddluftkylaren i motorer med laddluftkylning. 

Ett flertal olika anordningar for att avskilja olja ur blow-by gasema fran forbran- 
ningsmotorer ar kanda. Bland dessa kan namnas olika typer av baffel- och skannsy- 
stem, metalltrids- eller textilfiberfilter samt cykloner och centrifiiger. Med hjalp av 
baffel-och skarmsystem har man hittills kimnat avskilja oljedroppar ned till en dia- 
meter pa ca lOpm, med metalltradsfilter och cykloner ned till ca 1,5 pm och med 
flerskikts textilfiberfilter, t ex fliesfilter ned till ca 0,4 /am. Baffel- och skSrmsyste- 
men har i princip obegransad livslangd och ger inga tryckf&rluster men astadkom- 
mer inte tillrackligt effektiv oljeavskiljning, eftersom ca 80% av oljemassan hos ol- 
jedimman i blow-by gasema bestar av oljedroppar med en diameter, som ar mindre 
an 1,5 pm. Foljakthgen racker inte heller hittills kanda metalltradsfilter och cyklo- 
ner, som trots allt har acceptabel Uvlangd och ger begransade tryckforluster, for att 
uppna en effektiv oljeavskiljning. Da aterstar flerskikts fliesfilter, men dessa har be- 
gransad livsl^ingd och miste daifbr bytas ofta, vilket leder till hoga kostnader. De 
ger dessutom stora tryckforluster. 

Syftet med foreliggande uppfinning ar att astadkomma en anordning av i inledning- 
en angivet slag, dvs en avskiljare av centrifiigtyp, som ar sdrskilt men inte uteslutan- 
de avsedd for avskiljning av oljedimdroppar ur blow-by gaser fi-an fbrbrannings- 
motorer och som kan avskilja vatskedroppar mindre an l|xm utan att vara behaftad 
med nackdeiama hos exempeivis ett flerskikts fliesfilter. 

Detta uppnas enligt uppfinningen genom att inioppet och utloppen kommrniicerar 
med varandra via i flera lager periferieilt fbrdeiade, i rotationsaxelriktningen forid- 
pande och pa radiellt avstand fran rotatiosaxeln belagna smala kanaler, vars radiella 
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dimension ar sa avpassad till deras langd, radiella avstand till rotationsaxeln, gasens 
strdmningshastighet samt rotationshastigheten, att atminstone meipaiten av vatske- 
droppama i HiniTnan hinner avsattas pa kanalemas vaggar innan de nar utloppet. 

Utfbrda fbrsok har harvid visat att i ett foredraget utforande sarskilt avsett for av- 
skiljning av oljedimma ur blow-by gaser kunde med lamplig val av ovannanmda pa- 
rametrar mer an 90% av all oljedimma i gasema avskiljas. Gashastigheten, strackan, 
som oljedroppama maste fbrflytta sig radiellt utkt fi)r att traffa kanalvaggen, och ac- 
celerationen radiellt bestammer harvid erfoderlig uppehallstid for droppama i kana- 
lema. Denna tid bestammer i sin tm* erforderlig kanallangd. Det har harvid visat sig 
att diametem (hos cirkulara kanaler) inte bor overstiga utan snarare understiga 1mm 
for att avskiljaren skall fa rimliga dimensioner och nmligt varvtal. 

Uppfinningen beskhves narmare med hanvisning till pa bifogade ritoingar visade 
utfbringsexempeL, dar fig. 1 visar en schematisk framst^llning av en motorinstalla- 
tion med en anordning enligt uppfinningen, fig. 2 ett schematiskt langdsnitt genom 
en utfbringsform av en anordning enligt uppfinningen och fig. 3 ett fbrstorat delsnitt 
utefter linjen in-m i fig. 2. 

I fig. 1 betecknar 1 motorblocket till en sexcylindhg fyrtakts dieselmotor och 2 en 
till motoms vevaxel ansluten vaxellada med koppling. Motom ar overladdad av en 
turbokompressor 3, som har en turbin 4 ansluten till motoms avgasgrenror 5 och en 
kompressor 6 ansluten till dess insugningsgrenror 7 via en laddluftkylare 8. Komp- 
ressoms 6 sugsida ar via en insugningsledning 9 ansluten till ett luftfilter 10. 

I motoms 1 vevhus ar en i och for sig kand och endast scematiskt antydd skarmav- 
skiljare 11 och baffelavskiljare 12 anordnad. En ledning 13 med en tryckreglerings- 
ventil 14 och tryckavkannare 15 forbinder motoms vevhus med insugningsledningen 
9 via en oljedimavskiljare 16 enligt uppfinningen, vilken visas narmare i fig. 2. 
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Avskiljaren 16 innefattar en inre behallare 17, som ar bildad av en cylindrisk mantel 
18 och tva gavelstycken 19 och 20, som uppvisar varsin central oppning, i vilka en 
roraxel 21 resp. 22 ar fixerad. Roraxelns 21 kanal 23 bildar ett inlopp for fbrbran- 
ningsgaser och oljedimma, medan roraxelns 22 kanal 24 bildar ett utlopp for avga- 
ser. Periferiellt fordelade oppningar 25 i manteln 18 bildar utlopp for avskild olja. 
Roraxlama 21, 22 ar lagrade i lager 26, 27 hos en stationar yttre behallare 28, som 
bar en nedre del 29, vilken bildar ett turbinhus. Den nedre roraxehi 21 stracker sig 
genom tuibinhuset 29 och uppbar ett torbinhjul 30. Huset 29 har ett inlopp 3 1 och 
ett utlopp 32 for olja fran motoms smoijoljesysstem. Nar motom ar igang och 
smorjolja pimipas genom huset 29 driver turbinhjulet 30 axeln 21, sa att den inre 
behallaren 17 roterar i den yttre behallaren 28. 

Mot insidan av den inre behallarens 17 mantel 18 ar ett cylindriskt paket 33 besta- 
ende av flera lager av axiella kanaler 34 fbcerat. Man kan aven tanka sig att integrera 
den cylindriska mantebi 18 i kanalpaketet 34. Kanalema 34 ar oppna i sina andar 
och kommimicerar med radiella passager 35, 36 vilka ar avgransade mellan respek- 
tive gavelstycke 19, 20, ett par koniska vaggelement 37,38 och mellanUggande radi- 
ellt liktade, periferiellt jamnt fordelade mellanvaggar 39. En fbrstorad del av ett ka- 
nalpaket 33 med tio lager visas i tvarsnitt i fig. 3. Kanalema 34 ar har kraftigt fbrsto- 
rade. I praktiska forsok med ett innerfoehallanitfbrande med en kanallangd av ca 
200 mm, en innerbehallarradie av ca 100 mm och ett varvtal pa ca 3000 rpm visade 
det sig att kanalemas radiella dimension "r" skulle hgga strax under 1 mm for att de 
minsta oijedroppama skulle hinna traffa kanaivaggama innan gasema hade strom- 
mat igenom kanalema och ut i utloppspassagema 36. 

Hos det i fig. 3 visade utforingsexemplet ar kanalema 34 i kanalpaketet 33 bildade 
av omvaxlande slata och veckade platcylindrar 40 resp. 41, dvs motsvarande upp- 
byggnaden av wellpapp. Kanalpaketet kan aven vara en massiv kropp, t ex en kera- 
mikkropp, med borrade eller gjuma cylindriska kanaler. Kanalpaketets utbredning i 
radiell led uppgar fbretradesvis till ca 20% av den fbrsta behallarens radie. Vid stor- 
re utbredning riskerar de radiellt inre kanalema att hamna sa nara rotationsaxeln, att 
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centrifugalkraften pa de minsta droppama blir for lag for att de skall hinna accelere- 
ra ut till kanalvSggen. 

Oljan, som transporteras av forbranningsgasema genom kanalema 34 och under in- 
5 verkan av centrifugalkraften vid den inre behallarens rotation traffar kanalvaggama, 
kastas ut genom oppningama 25, sasom antyds med de heldragna pilama, och rin- 
ner ned i mellanruinxnet mellan behallama till ett utlopp 42. Dadfran leds oljan tiU- 
baka till motoms vevhus. De fran oljedimman befiiade fbrbranningsgasema ut- 
strommar genom den dvre roraxeln 22, sasom antyds med den streckade pilen. 
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Patentkrav 

1. Anordning for att avskilja sma vatskedroppar ur en strommande gas innehallande 
vatskedimma, innefattande en av en cylindiisk mantel (18) och tva motstaende gav- 
lar (19,20) bildad forsta behallare (17) med ett inlopp (23) i sin ena gavel for 
gasen/dunman, ett forsta utiopp (24) i sin andra gavel for gasen samt ett andra ut- 
lopp (25) i eller i narheten av den andra gavein for ur gasen avskild vatska, en andra 
behallare (28) med organ (26,27) for att roterbart lagra den forsta behallaren i den 
andra behaUaren rotationssymmetriskt i forhallande till namnda inlopp och forsta 
utiopp samt drivorgan (30) for rotation av den forsta behallaren i den andra behalla- 
ren, kannetecknad av att inloppet (23) och utloppen (24,25) kommunicerar med 
varandra via i flera lager perifeiiellt ^rdelade, i rotationsaxelriktningen forlopande 
och pa radiellt avstand fran rotadonsaxeln belagna smala kanaler (34), vars radiella 
dimension (r) ar sk avpassad till deras langd, radiella avstand till rotationsaxeln, ga- 
sens stroroningshastighet samt rotationshastigheten, att atminstone merparten av 
vatskedroppama i HimTnan hinner avsattas pa kanalemas vaggar innan de nar utlop- 
pet. 

2. Anordning enligt krav 1, kannetecknad av att inloppet (23) har en koncentriskt 
med den forsta behallarens rotationsaxel placerad inloppsoppning, som mynnar i ett 
flertai radiella inlopp spas sager (35), vilka leder ut till inlopp hos kanalema (34), och 
att kanalema har utiopp, som mynnar dels i ett flertai radiella utloppspassager (36), 
genom vilka gasen kan stromma in till en koncentriskt med namnda rotationsaxel 
placerad utloppsoppning (24), och dels i ett flertai utloppsoppningar (25), genom 
vilka under inverkan av centrifiigalkraften pa kanalemas vaggar avsatt vatska kan 
strdnmia radiellt utat till ett utrymme mellan den forsta och den andra behallaren. 

3. Anordning enligt krav 2, kannetecknad av att behallama (17,28) ar orienterade 
med rotationsaxeln vertikalt, sa att avskiljd vatska under tyngdkraftens inverkan kan 
kan stromma till inloppsanden och ut genom ett vatskeutlopp (42) fran den andra 
behallaren (28). 
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4. Anordning esiligt krav 2 eller 3, kannetecknad av att gavlama har tva pa axiellt 
avstand firan varandra placerade vaggar (19,37 resp 20,38), som rillsammgiiK: med 
mellanliggande radiellt riktade vaggpartier (39) avgransar namnda passager (35,36). 

5. Anordning enligt nagot av kraven 1-4, kannetecknad av att drivorganen ar bilda- 
de av en vatsketurbin (30). 

6. Anordning enligt krav 5, kannetecknad av att att gavlama (19,20) ar fbrbundna 
med roterbart lagrade ihSliga axlar (21,22), vars inre bildar en inlopps- resp ut 
loppskanal (23 resp 24) och att ett turbinhjul (30) ar fixerat pa den ena axeln. 

7. Anordning enligt nagot av kraven 1-6, kannetecknad av att kanallagrens utbred- 
ning i radiell led uppgar till ca 20% av den forsta behallarens (17) radie. 

8. Anordning enligt nagot av kraven 1-7, kannetecknad av att den forsta behalla- 
rens (17) inlopp (23) ar forbimdet med en ventilationsledning firan ett vevhus hos en 
forbranningsmotor (1) och dess utlopp (24) med en insugningsluftledning till mo- 
tom. 

9. Anordning enligt krav 8, kannetecknad av att den forsta behdUarens (17) radie ar 
ca 100 mm och dess langd ca 200 mm, att behallaren ar avsedd att drivas med ett 
varvtal av ca 3000 rpm, att kanalemas (34) radiella dimension (r) ar mindre an 

1 mm och att det yttersta kanallagret ar belaget pa maximalt radiellt avstand fran 
rotationsaxehi. 
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Sammandrag 

Anordning for att avskilja oljediimna ur blow-by gaser fran en fbrbranningsmotor, 
innefattande en roterande cylindrisk behallare (17) med ett centralt inlopp (23) for 
5 gaser med oljedimma vid sin ena ande samt ett centralt udopp (24) for gaser och 

perifera utlopp (25) for avskild olja vid den andra anden. Mellan inloppet och udop- 
pen Strieker sig smala kanaler (34) i flera lager pi avstand fran rotationsaxeln, 
genom vilka gasen med oljedroppama strommar. Under inveikan av centnfugal- 
kraften transporteras oljedroppama samtidigt radiellt, varvid varvtalet, kanalemas 
10 langd och radiella dimension ar sa avpassade till varandra, att oljedroppama hinner 
traffa kanalvaggama innan de utstrommar ur kanalema. 



(fig. 2) 
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Claims 



1 . Device for separating small drops of liquid from a flowing gas, containing liquid 
mist, comprising a firist container (17), formed of a cylindrical lateral wall (18) 

5 and two opposite end walls (19, 20), said first container having an inlet (23) in 

one end wall for the gas/mist, a first outlet (24) in its other end wall for the gas 
and a second outlet (25) at or in the vicinity of the second end waU for liquid 
separated out of the gas, a second container (28) with means (26, 27) for rotata- 
bly mounting the first container in the second container rotationally symmetri- 

10 cally in relation to said inlet and said first outlet, and drive means (30) for rota- 

tion of the first container in the second container, characterized in that the inlet 
(23) and the outlets (24, 25) commimicate wdth each other via a plurality of lay- 
ers of peripherally spaced, narrow channels (34) extending in the direction of the 
rotational axis and being disposed at a radial distance from the rotational axis, 

15 said narrow channels having a radial dimension (r) being adapted to their length, 

their radial distance to the rotational axis, the flow velocity of the gas and the 
rotational speed, so that at least the major portion of the liquid drops in the mist 
will have time to be deposited on the channel walls before they reach the outlet. 

20 2. Device according to claim 1, characterized in that the inlet (23) has an inlet 

opening placed concentrically with the rotational axis of the first container, said 
inlet opening leading to a plurality of radial inlet passages (35) leading out to in- 
lets of the channels (34), and that the channels have outlets opening, firstly, into 
a plurality of radial outiet passages (36), through which the gas can flow into an 

25 outiet opening (24) placed concentrically with said rotational axis, and, second- 

ly, into a plurality of outiet openings (25), through which Uquid deposited under 
the effect of the centrifugal force on the walls of the channels, can flow radially 
outwards to a space between the first container and the second container. 



30 3. Device according to claim 2, characterized in that the containers (17, 28) are 
oriented with the rotational axis vertical so that liquid separated out can flow. 
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by the force of gravity, to the inlet end and out through a liquid outlet (42) from 
the second container (28). 

4. Device according to claim 2 or 3, characterized in that the end walls have two . 
axially spaced walls (19, 37 and 20, 38, respectively) which, together with in- 
termediate radially directed wall portions (39), define said passages (35, 36), 

5. Device according to one of claims 1-4, characterized in that the drive means are 
fomed by a liquid turbine (30). 

6. Device according to claim 5, characterized in that the end walls (19, 20) are 
joined to rotatably mounted hollow shafts (21, 22), the interiors of which form- 
ing inlet and outlet channels, respectively (23 and 24, respectively), and in that a 
turbine wheel (30) is fixed to one of said shafts. 

7. Device according to one of claims 1-6, characterized in that the extent of the 
chaimel layers radially amounts to circa 20% of the radius of the first container 
(17). 

8. Device according to one of claims 1-7, characterized in that the inlet (23) of the 
first container (17) is joined to a ventilation conduit firom a crankcase of an in- 
ternal combustion engine (1), and its outlet (24) is joined to an inlet air conduit 
to the engine. 

9. Device according to claim 8, characterized in that the radius of the first con- 
tainer (17) is circa 100 nun and its length circa 200 mm, that the container is 
designed to be driven at a rotational speed of circa 3 000 rpm, that the radial 
dimension (r) of the channels (34) is less than 1 mm, and that the outermost 
channel layer is located at a maximum radial distance from the rotational axis. 
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Dependent claims 2-8 are acceptable in conjunction with claim 
1. 
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Oil separator for small particles 

The present invention relates to a device for separating small drops of liquid from a 
flowing gas containing liquid mist, comprising a first container, formed of a cylin- 
drical lateral wall and two opposite end walls, said first container having an inlet in 
one end wall for the gas/mist, a first outlet in its other end wall for the gas and a 
second outlet at or in the vicinity of the second end wall for hquid separated out of 
the gas, a second container with means for rotatably mounting the first container in 
the second container rotationally symmetrically in relation to said inlet and said first 
outlet, and drive means for rotation of the first container in the second container. 

It is a known fact that it is not possible to achieve piston ring seals between the pis- 
tons and the surrounding cylinder walls of the cylinders in an internal combustion 
engine, which seal off the combustion chambers 100% against the engine crankcase. 
A certain small amount of combustion gases, called here blow-by gas, thus always 
flows past the piston rings and down into the engine crankcase. In order to prevent 
excessive pressure caused by the blow-by gas in the crankcase, the crankcase must 
be ventilated and the gas drawn off leaving only a low overpressure in the crank- 
case. 

Two types of crankcase ventilation are used, viz. either open or closed ventilation. 
An engine with open ventilation can, quite simply, have a downwardly directed tube 
connected to the valve cover, for example, and which opens into the surrounding 
atmosphere. In an engine with closed crankcase ventilation, the blow-by gases from 
die crankcase are led to the engine intake conduit and are mixed with the intake air. 

When evacuating blow-by gases, it has, up to now, been unavoidable that a certain 
amount of oil mist will accompany them. The amount of oil being carried with the 
gas depends on the placement of the ventilation outlet and any filters or oil traps in 
the crankcase ventilation. Regardless of whether the engine has open or closed 
crankcase ventilation, it is desirable to keep the amount of oil in the evacuated 
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blow-by gas at a minimum. In the first case, it is to minimize the effect on the envi- 
ronment and to keep the engine oil consumption at a low level. In the second case, 
it is to prevent oil deposits on or in the components of the engine intake system, e.g. 
oil deposits on the impeller blades of the compressor of a turbo-charged engine or 
5 oil deposits in the charge air cooler in engines with charge air cooling. 

A nimiber of different devices to separate oil fi-om blow-by gases fi-om internal 
combustion engines are known. Among them are various types of baffle or screen 
systems, metal wire or textile fibre filters as well as cyclones and centrifuges. With 

10 the aid of baffle and screen systems, it has up to now been possible to separate oil 
drops down to a diameter of circa 10 pm, with metal wire filters and cyclones down 
to circa 1.5 pm and with multi-layer textile fibre filters, e.g. fieece filters, down to 
circa 0,4 jim. Baffle and screen systems have, in principle, an unlimited lifetime and 
do not produce any pressure losses, but do not provide sufficiently effective oil 

15 separation, since circa 80% of the oil mass ia the oil mist in the blow-by gases con- 
sists of oil drops with a diameter which is less than 1.5 jjm. Previously known metal 
wire filters and cyclones thus are not sufficient either for achieving effective oil 
separation despite the fact that they have acceptable lifetimes and provide limited 
pressure losses. Multi-layer fleece filters remain, but these have limited lifetimes 

20 and therefore must be replaced often, leading to high costs. They also produce sig- 
nificant pressure losses. 

The purpose of the present invention is to achieve a device of the type described by 
way of introduction, i.e. a separator of centrifugal type, which is particularly, but 
25 not exclusively, intended for separation of oil mist drops firom blow-by gases from 
internal combustion engines and which can separate liquid drops of less than 1 pm 
without having the disadvantage of a multi-layer fleece filter, for example. 

This is achieved according to the invention by virtue of the fact that the inlet and the 
30 outlets communicate with each other via a plurality of layers of peripherally spaced. 
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narrow channels extending in the direction of the rotational axis and being disposed 
at a radial distance from the rotational axis, said narrow channels having a radial 
dimension being adapted to their length, their radial distance to the rotational axis, 
the flow velocity of the gas and the rotational speed, so that at least the major por- 
5 tion of the liquid drops in the mist will have time to be deposited on the channel 
walls before they reach the outlet. 



Tests performed have demonstrated that in a preferred embodiment particularly de- 
signed for separating oil mist from blow-by gases, wdth a suitable selection of the 

10 above-mentioned parameters, more than 90% of all the oil mist in the gases was 

separated out. The gas velocity, the distance which the oil drops must move radially 
outwards to strike the chaimel wall, and the radial acceleration determine in this 
case the required length of stay for the drops in the channels. This length of stay 
determines in tum the required chaimel length. It has been shown that the diameter 

15 (of circular channels) should not exceed, but should preferably be less than 1 mm 
for the separator to have reasonable dimensions and a reasonable rotational speed. 

The invention will be described in more detail below with reference to examples 
shown in the accompanying drawings, where Fig. 1 shows a schematic representa- 
20 tion of an engine installation with a device according to the invention. Fig. 2 is a 
schematic longitudinal section through one embodiment of a device according to 
the invention, and Fig. 3 is an enlarged cross-section along the line Ill-in in Fig. 2. 

I in Fig. 1 designates the engine block of a six-cylinder, four-stroke diesel engine, 
25 and 2 designates a gearbox with clutch, coupled to the engine crankshaft. The en- 
gine is supercharged by a turbo compressor 3, which has a turbine 4 coupled to the 
engine exhaust manifold 5, and a compressor 6 coupled to the inlet manifold 7 via 
a charge air cooler 8. The suction side of the compressor 6 is coupled via an inlet 
conduit 9 to an air filter 10. 



30 
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In the crankcase of the engine 1, a screen separator 1 1 and a baffle separator 12, 
known per se and only schematically indicated here, are arranged. A conduit 13 
with a pressure regulator valve 14 and a pressure sensor 15 connect the engine 
crankcase with the inlet conduit 9 via an oil mist separator 16 according to the in- 
5 vention, which is shown in more detail in Fig. 2. 

The separator 16 comprises an inner container 17, which is formed of a cylinder 18 
and two end walls 19 and 20, each having a central opening in which a tubular shaft 
21 and 22, respectively, is fixed. The interior channel 23 of the tubular shaft 21 

10 forms an inlet for combustion gases and oil mist, while the chiannel 24 of the tubular 
shaft 22 forms an outlet for exhaust. Peripherally spaced openings 25 in the cylinder 
18 form outlets for separated-out oil. The tubular shafts 21, 22 are mounted in 
bearings 26, 27 of a stationary outer container 28, which has a lower portion 29 
forming a turbine housing. The lower tubular shaft 21 extends through the turbine 

15 housing 29 and carries a turbine rotor 30. The housing 29 has an inlet 3 1 and an 

outlet 32 for oil from the engine lubrication system. When the engine is in operation 
and lubricant is pumped through the housing 29, the turbine rotor 30 drives the shaft 
21 so that the inner container 17 rotates in the outer container 28. 

20 A cylindrical package 33 consisting of a plm'ality of layers of axial channels 34 is 
fixed to the lateral wall 18 of the inner container 17. It is also possible to integrate 
the cylindrical lateral wall 18 in the channel package 34. The channels 34 are open 
at their ends and communicate with radial passages 35, 36, which are defined be- 
tween the respective end wall 19, 20, a pair of conical wall elements 37, 38 and in- 

25 termediate, radially directed, peripherally evenly spaced intermediate walls 39. An 
enlarged portion of a channel package 33 with ten layers is shown in cross section 
in Fig. 3. The channels 34 are greatly enlarged. In realistic tests with an inner con- 
tainer with a channel length of circa 200 mm, an inner container radius of circa 100 
mm and a rotational speed of circa 3 000 rpm, the radial dimension "r" of the chan- 

30 nels should be slightly less than 1 mm, in order for there to be enough time for the 
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smallest oil drops to strike the channel walls before the gases have flown out 
through the channels and out into the outlet passages 36. 

In the example shown in Fig. 3, the channels 34 in the channel package 33 are 
formed of alternating smooth and folded sheet metal cylinders 40 and 41, respec- 
tively, i.e. corresponding to the construction of corrugated cardboard. The channel 
package can also have a solid body, e.g. a ceramic body with drilled or cast cylin- 
drical channels. The radial extent of the channel package amounts to approximately 
20% of the radius of the first container. If the percentage is greater, there is a risk 
that the radially innermost channels will be so close to the rotational axis that the 
centrifugal force on the smallest drops will be too low to accelerate them out to the 
channel waU. 

The oil, which is transported by the combustion gases through the channels 34 and 
under the influence of the centrifugal force as the inner container rotates, strikes the 
channel walls, is ejected through the openings 25, as indicated by the solid arrows, 
and runs down into the space between the containers to an outlet 42. From there the 
oil is led back to the engine crankcase. The combustion gases free of oil mist flow 
out through the upper tubular shaft 22, as indicated by the dashed arrow. 



wo 01/00969 



6 

Claims 



PCT/SEOO/01394 



1. Device for separating small drops of liquid from a flowing gas, containing liquid 
mist, comprising a first container (17), formed of a cylindrical lateral wall (18) 

5 and two opposite end walls (19, 20), said first container having an inlet (23) in 

one end wail for the gas/mist, a first outlet (24) in its other end wall for the gas 
and a second outlet (25) at or in the vicinity of the second end wall for liquid 
separated out of the gas, a second container (28) with means (26, 27) for rotata- 
bly mounting the first container in the second container rotationally symmetri- 

10 cally in relation to said inlet and said first outlet, and drive means (30) for rota- 

tion of the first container in the second container, characterized in that the inlet 
(23) and the outlets (24, 25) communicate with each other via a plurahty of lay- 
ers of peripherally spaced, narrow channels (34) extending in the direction of the 
rotational axis and being disposed at a radial distance from the rotational axis, 

15 said narrow chaimels having a radial dimension (r) being adapted to their length, 

their radial distance to the rotational axis, the flow velocity of the gas and the 
rotational speed, so that at least the major portion of the liquid drops in the mist 
will have time to be deposited on the channel walls before they reach the outlet. 

20 2. Device according to claim 1, characterized in that the inlet (23) has an inlet 

opening placed concentrically with the rotational axis of the first container, said 
inlet opening leading to a plurality of radial inlet passages (35) leading out to in- 
lets of the channels (34), and that the chaimels have outlets opening, firstly, into 
a plurality of radial outlet passages (36), through which the gas can flow into an 

25 outlet opening (24) placed concentrically with said rotational axis, and, second- 

ly, into a plurality of outlet openings (25), through which liquid deposited under 
the effect of the centrifiigal force on the walls of the channels, can flow radially 
outwards to a space between the first container and the second container. 



30 



3, 



Device according to claim 2, characterized in that the containers (17, 28) are 
oriented with the rotational axis vertical so that liquid separated out can flow. 
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by the force of gravity, to the inlet end and out through a liquid outlet (42) from 
the second container (28). 

4. Device according to claim 2 or 3, characterized in that the end walls have two 
axially spaced walls (19, 37 and 20, 38, respectively) which, together with in- 
tennediate radially directed wall portions (39), define said passages (35, 36). 

5. Device according to one of claims 1-4, characterized in that the drive means are 
formed by a Uquid turbine (30). 

6. Device according to claim 5, characterized in that the end walls (19, 20) are 
joined to rotatably moxmted hollow shafts (21, 22), the interiors of which form- 
ing inlet and outlet channels, respectively (23 and 24, respectively), and in that a 
turbine wheel (30) is fixed to one of said shafts. 

7. Device according to one of claims 1-6, characterized in that the extent of the 
channel layers radially amounts to circa 20% of the radius of the first container 
(17). 

8. Device according to one of claims 1-7, characterized in that the inlet (23) of the 
first container (17) is joined to a ventilation conduit firom a crankcase of an in- 
ternal combustion engine (1), and its outlet (24) is joined to an inlet air conduit 
to the engine. 

9. Device according to claim 8, characterized in that the radius of the first con- 
tainer (17) is circa 100 mm and its length circa 200 mm, that the container is 
designed to be driven at a rotational speed of circa 3 000 rpm, that the radial 
dimension (r) of the channels (34) is less than 1 mm, and that the outermost 
chamiei layer is located at a maximum radial distance fi-om the rotational axis. 
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